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(54) UQUID CRYSTAL DISPLAY DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a thin and low power consuming 
information display device, suitable for a portable information processor by 
preventing light from irradiating an invalid viewing angle region and 
improving intensity of the light irradiating an effective viewing angle region. 
SOLUTION: The provided liquid crystal display device is equipped with a 



liquid crystal display element 7. a light-transmissive plate 3 arranged on the 
lower side of the liquid crystal display element 7, cold-cathode tube 1 
placed so as to oppose the side face of the light transmissive plate 3. a 
scattering plate 5 arranged between the liquid crystal display element 7 and 
the light transmissive plate 3 and a prism plate 6 arranged between the 
scattering plate 5 and the liquid crystal display element 7 and having prism 
shaped projecting structure formed on the liquid crystal display element 
side surface. The scattering plate 5 has a projecting and recessing shape 
on the surface. Furthermore, a reflection member is coated on the surface 
of the light transmission plate 3 opposite to the side, on which the 
scattering plate 5 arranged. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer .So the translation may not reflect the original precisely. 

2, **** shows the word which can not be translated. 
3Jn the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the liquid crystal display characterized by applying the reflective member to the field of an opposite side where it 
has the following, and the above-mentioned scattered plate has the shape of toothing on a front face, and the above-mentioned 
scattered plate of the above-mentioned light guide plate is arranged. Liquid crystal display element. The light guide plate arranged 
at the above-mentioned liquid crystal display element bottom. The cold cathode-ray tube arranged so that the side of the 
above-mentioned light guide plate may be countered. The prism plate which has been arranged between the scattered plate 
arranged between the above-mentioned liquid crystal display element and the above-mentioned light guide plate, and the above- 
mentioned scattered plate and the above-mentioned liquid crystal display element, and formed prism-like salient structure in the 
front face by the side of this liquid crystal display. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to information displays, such as a liquid crystal display used for an iniformation 
display in information processors, such as a prism plate which carries out outgoing radiation of the flux of light which carries out 
incidence over the latus angle range to fixed angle within the limits efficiently, and a personal computer a word processor 
[0002] 

[Description of the Prior Art] What can also carry information processors, such as a personal computer and a word processor, is 
desired with progress of an information society, the performance required of a portable information processor — small — in 
order to enable use prolonged with the power supply of small capacity at lightweight things and lightweight **. it is that power 
consumption is small Since especially the information-display section in a portable information processor determines the outline 
configuration of; equipment and consumes firm power, its thing of a low power is desirable at a thin shape. As an example of such 
an information display, the back light type liquid crystal display of a publication is in JP.4-67016.A. The light which carried out 
outgoing radiation ft-om the light sources 23 and 24 as shown in the view 1 and the 2nd view of JP,4-67016.A. and the light 
reflected by the reflecting plate 25 are scattered about with a scattered plate 26. in respect of [ 28 ] flat, an outgoing radiation 
side passes the optical means 27. such as a prism plate of the prism side 29, and an incidence side carries out incidence of them 
to the liquid crystal display element 1 2. In the example of JP.4-6701 6.A. the vertical angle which two fields of the prism which 
the optical means 26, such as a prism plate, are formed by polycarbonate resin etc.. and is in the prism side 29 accomplish is 90 
degrees (a half-vertical angle is 45 degrees) as an example. By arranging the optical means 27. such as this prism plate, on a 
scattered plate 26, the outgoing radiation light from the scattered plate 26 scattered on the latus angle range can be collected in 
the direction of a normal of optical means 27, and the brightness of effective viewing-angle within the limits can be improved. 
[0003] 

[Problem(s) to be Solved by the Invention] However, when the vertical angle shown in the example of the above-mentioned 
conventional example uses the prism plate formed by the polycarbonate resin about 90 degrees (a half-vertical angle is 45 
degrees) etc., there is a problem shown below. Drawing 6 is the expanded sectional view of the conventional prism plate. 60 
shows a prism plate and 61 shows a beam of light. The solid line 70 of d rawing 7 shows the viewing-angle property of the 
outgoing radiation light of the prism plate 60 for which it asked by ray tracing calculation, using vertical-angle 2theta of the'prism 
side 62 and the prism side 63 to make 90 degrees (theta= 45 half-vertical angles), and using a refractive index n as 1,585. 
Moreover, a dashed line 71 shows the angular dependence of the optical intensity which the beam of light 61 which carries out 
incidence has to the prism plate 60, and is equivalent to a viewing-angle property In case there is no prism plate 60. as the solid 
line 70 of drawing 7 shows, there is a problem of there being an eflFect of the improvement in brightness of 1.4 or more times 
over the effective viewing-angle range of -35 to 35 degrees and light being emitted to the invalid viewing-angle range of 60 to 80 
degrees from -80 angles of visibility, and consuming power vainly [ -60 degrees and ] Moreover, when it sees from this direction, 
there is a problem that an information display shines superfluously and appears. This cause is for the beam of light 61 which 
carried out incidence to the prism plate 60 to carry out total reflection in respect of [ 62 ] prism, and to carry out outgoing 
radiation from the prism side 63, as shown in drawing 6 . 

[0004] The purpose of this invention solves the above-mentioned problem, prevents the light emission to the invalid viewing- 
angle range, improves the luminous intensity emitted to efFective viewing-angle within the limits, and is to offer the information 
display of a low power with the suitable thin shape for a portable information processor. 
[0005] 

[Means for Solving the Problem] Vertical-angle 2theta which two flat surfaces of prism-like salient structure make by 1st 
invention in the prism plate in which much prismHike salient structures were formed on the surface of one side in order to attain 
the above-mentioned purpose sets the refiractive index of a prism plate medium to n. and they are 2theta>2/3* (pi / 2+2*arcsin 
(1/n)). 

It carried out. 

[0006] In the information display which has the light source, the scattered plate scattered about in the light from the light source, 
and the plotting board by which the scattered light from a scattered plate is irradiated in the 2nd invention The prism plate which 
formed much prism-like salient structures on the surface of one side between a scattered plate and the plotting board Prism-like 
salient structure is turned and arranged to a scattered plate side, vertical-angle 2theta which two flat surfaces of prism-like 
salient structure make sets the refractive index of a prism plate medium to n, and they are 2theta>2/3* (pi / 2+2'i'arcsin (1/n)). 
It carried out. 
[0007] 

[Function] Rrst. the principle of this invention is explained using drawing 4 , drawing 4 — -the ray tracing view of a prism plate — 
it is — 40 — as for the prism plate of n. and 41 . an incident angle shows [ the vertical angle of the prism side 42 and the prism 
side 43 to make / a refractive index ] the beam of light of alpha (the direction shown by the arrow in drawing is made negative) 
by 2theta (a half-vertical angle is theta) Angle-of-refraction alpha' (the direction shown by the arrow in drawing is made 
negative) in a flat surface 44 and the incident angle beta in the prism side 42 (the direction shown by the arrow in drawing is 
made negative) are alpha arcsin (l-/n*sinalpha) 

beta = It is alpha'-f- theta-pi / 2. Total reflection of the beam of light used as n*sinbeta<-1 is carried out in respect of [ 42 ] 
prism, and it carries out incidence to the prism side 43. The incident angle delta in the prism side 43 is delta. = It is -beta-2theta. 
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Temporarily, it is n'i'slndelta. using alpha as -1, < If -1 is materialized, total reflection of all the beams of light that carried out 
incidence to the prism side 43 will be carried out. they will carry out outgoing radiation from the flat-surface 44 side of the prism 
plate 40, will be scattered about with a scattered plate etc, and will turn into a beam of light which carries out incidence to the 
prism plate 40 again. It is delta when this inequality is rewritten. < arcsin (-1/n) 

A next door and the above-mentioned relational expression are used, and it is beta. > -2 theta+arcsin (1/n) 
theta > 1/3* (pi/2+arcsin(1/n)-alpha') 

It becomes. Furthermore, it is since it is alpha'=-arcsin (1/n) from alpha=-l. 2theta> 2/3* (pi / 2+2*arcsin (1/n)) .... (1) 
It becomes. Therefore, if prism vertical-angle 2theta uses the prism plate with which are satisfied of (1) formula, since the light 
which could prevent the light emission to the invalid viewing-angie range which was a problem in the conventional example, and 
was emitted to the invalid viewing-angle range in the conventional example can be again used as an incident light to a prism 
plate, the optical intensity within the effective viewing-angle range can be further improved rather than the conventional example. 

[0008] i 

[Example] Drawing.1 is the cross section of the side light type liquid crystal display which is one example of this invention, and 
dravwng^ is the decomposition perspective diagram. 1 — a cold cathode-ray tube and 2 — a reflecting plate and 3 — light guide 
plates, such as acrylic resin. — it is — an inferior surface of tongue — reflection of white paint etc, — the member 4 is applied 
5 is the thin scattered plate which has the shape of minute toothing in a front face, and is arranged on the upper surface of a 
light guide plate 3. 6 is a prism plate by this invention, an inferior surface of tongue is a flat side, and prism is formed in the upper 
surface. 7 is a liquid crystal display element. 

[0009] Next, operation of the liquid ctystal display element of this example is explained, the reflection which carries out incidence 
of the light emitted from the cold cathode-ray tube 1 to a light guide plate 3 from the side of a light guide plate 3 after reflecting 
by direct or the reflecting plate 2. and is applied to the inferior surface of tongue of a light guide plate 3 — it reflects by the 
member 4 and outgoing radiation is carried out from the upper surface of a light guide plate 3 With a scattered plate 5. the 
outgoing radiation light of a light guide plate 3 serves as uniform optical intensity distribution over the latus angle range, and 
carries out incidence to the prism plate 6. The prism plate 6 emits light only to effective viewing-angle within the limits, and 
displays information through the liquid crystal display element 7. 

[0010] Drawing_3 is the expanded sectional view of the prism plate 6. In this example, the prism plate 6 is formed by acrylic resin, 
and the refractive index n is 1.585. When the refractive index n= 1.585 of the prism plate 6 is substituted for the right-hand side 
of (1) formula, since it is 2/3*(pi / 2+2*arcsin (1/n)) =112.2 degree. (1) fonmula is 2theta. > It becomes 112.2 degrees. Therefore, 
vertical-angle 2theta of the prism formed in the upper surface is set as a bigger angle than 1 12.2 degrees. For example. 120 
degrees (the half-vertical angle theta is 60 degrees) are suitable. Moreover, the interval P of prism is 50 micrometers. Although 
the configuration of prism is exaggerated and being displayed from drawing 1 to the thickness of a prism plate by drawing 3 . the 
thickness of a prism plate is 1mm. 

[001 1] The solid line 50 of drawing 5 shows the viewing-angle property of the outgoing radiation light of the prism plate 6 for 
which it asked by ray tracing calculation like drawing 7 . Moreover, a dashed line 71 is equivalent to the viewing-angle property by 
the scattered plate 5 In case there Is no prism plate 6 like the explanation in drawing 7 . and is unifonm optica! intensity 
distribution over the large angle range of about **80 degrees. When there is no problem of consuming power vainly and it sees 
from this direction since there was no light emission in the angle of visibility of -60 or less degrees and the invalid viewing-angle 
range of 60 degrees or more as the solid line 50 of drawing 5 shows, there is also no problem that an information display shines 
superfluously and appears. Furthermore, compared with **35 eflfective viewing-angle ranges which the solid line 70 of drawing 7 
which is the conventional example shows, there is an effect of the improvement in brightness of 1 .4 or more times over **45 
degrees with the wider effective viewing-angle range. 

[0012] this invention should just be the refractive index and vertical angle which satisfy (1) formula as a prism plate, without 
being limited to the above-mentioned example. Moreover, the prism plate of the shape of a square drill or a cone which is a 
triqueter-like is sufficient as the cross section of a 2-way, without limiting only one direction shown in drawing 1 and drawing 2 
to a triqueter-like prism plate. Moreover, you may replace the position of a liquid crystal display element with a prism plate, 
without being limited to the composition of drawing 1 and drawin g 2 . Moreover, of course. It can use also for a back light type 
liquid crystal display as shown in the view 1 and the 2nd view of JP.4-67016A. 
[0013] 

[Effect of the Invention] According to this Invention, the light emission to the invalid viewing-angle range is prevented, the 
luminous intensity emitted to effiective viewing-angle within the limits is improved, and it is in offering the information display of a 
low power with the suitable thin shape for a portable information processor. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the. original precisely. 
2.**** shows the word which can not be translated. 
3Jn the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The cross section of the liquid crystal display using this invention. 

[Drawing 2] The decomposition perspective diagram of the liquid crystal display using this invention. 

[Drawing 3] The prism plate expanded sectional view using this invention. 

[Drawing 4] The ray tracing view of a prism plate. 

[Draw ing 5] The viewing-angte property of the prism plate of this invention. 
[Dr awing 6] The expanded sectional view of the conventional prism plate. 
£Qrawing_7] The viewing-angie property of the conventional prism plate. 
[Description of Notations] 

1 [ — 6 A scattered plate, 40 / — A prism plaU, 7 / — 42 A liquid crystal display element, 43 / — Prism slant face. ] — A cold 
cathode-ray tube, 3 — A light guide plate, 5 



[Translation done.] 
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